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Abstract
Objective-To evaluate the feasibility and ability of percutaneous transvenous intracardiac echocardiography (ICE) to image the left ventricle (LV) and monitor its function from the right ventricular (RV) cavity. Methods-A 10 MHz catheter was advanced into the RV from the jugular vein and positioned along the septum at the LV papillary muscle level in five dogs. The catheter was manipulated until a stable catheter position along the septum, which provided on-axis images of the LV, was obtained. Different states of LV size and systolic function (n = 80) were created with dobutamine or esmolol, both in the presence and absence of coronary stenoses. LV stroke area (cm2) obtained by ICE was measured at the mid-ventricular level and compared with stroke volume (cm3) obtained simultaneously with a transaortic flow probe. LV end diastolic, end systolic, and stroke areas obtained by ICE were also compared with those obtained by short-axis epicardial echocardiography. Results fixed transducer at its tip with a mirror rotating at 1800 rpm to produce a tomographic image. The image has an axial resolution of 0 30 mm, lateral resolution of 0 37 mm, and depth of penetration of about 6 cm. The ICE catheter was advanced through a 10 F introducer sheath in the right internal jugular vein into the right ventricle and positioned along the interventricular septum. The position of the catheter was manipulated to obtain cross sectional images at the mid left ventricle in which both papillary muscles were imaged symmetrically (fig 1) . Once ---------------------------------A------ The miniaturisation of ultrasound transducers ,c2 [cm ) sparked the development of both catheter based intravascular and intracardiac ultrasound imaging. These high resolution, real time images have been applied for the accurate evaluation of vascular structure and function.'O11 However, with the standard high frequency transducers used for intravascular A + 2 SD ultrasound, the poor resolution outside of a
small depth of field has limited their wide-A spread application to intracardiac ultrasound. degree in both normal and diseased ventricles.'2-'9 Our results accord with previous studies and show that LV cross sectional area change assessed by an ICE catheter in the RV can be related to LV stroke volume. In the present study, alterations in regional wall motion were obtained by partially occluding the left anterior descending artery and increasing myocardial oxygen demand with dobutamine. Even in these ischaemic states, the linear relation between stroke area and stroke volume remained significant. In all of the dogs that we studied, ischaemia in the LAD territory resulted in a wall motion abnormality within the cross section image. If wall motion abnormalities were restricted to regions outside this imaging plane (such as the inferior base or the apex of the LV), then monitoring only the mid ventricular level could lead to an overestimation of LV function and a decreased sensitivity to detect ischaemia.
At A Thus, monitoring of LV function would ------------------------
Although a significant relation between stroke area and stroke volume was noted for each animal, there was significant variability in this relation from subject to subject. This variability may reflect the wide range of heart sizes that were studied (weights of the dogs ranged from 17 to 38 kg). Other investigators, using transthoracic and transoesophageal echocardiography, also observed a similar degree of subject to subject variability in this relation.7 819 Thus although relative changes in LV function can be assessed within an individual subject, these values cannot be converted to an absolute stroke volume nor can direct comparisons between different individuals be made. The technique nevertheless can be used to fulfil its intended purpose: namely, monitoring of changes in ventricular function within a given individual.
Before the technique is applied clinically, several limitations must be considered. The accuracy of intracardiac ultrasound imaging will be influenced by the ultrasound transducer and the catheter placement. The 10 MHz transducer we used in this study has a reported penetration of about 6 cm. In our experimental model, the endocardial borders of the LV were usually within 5 cm of the ICE catheter and thus it visualised them with minimal distortion. This degree of penetration is probably adequate for imaging the LV from the RV in small hearts such as those of infants, small children, and experimental preparations. A lower frequency transducer which provides greater beam penetration will be required for application in the adult human heart.
Catheter position and stability within the RV will influence the ability to obtain a true short axis image of the LV suitable for monitoring systolic function. Earlier studies showed that catheters positioned with a 30 degree deviation from the long axis of a circular vessel result in imaging planes which yield elliptical rather than circular cross sections of the vessel with up to a 20% overestimation of lumen area.2021 In our study, using jugular venous access, we could always stabilise the catheter in an orientation parallel to the long axis of the LV to obtain representative cross sectional images of the LV. An ultrasound catheter with a steerable tip would further improve the ease of obtaining accurate short axis images of the LV.22 In addition, the catheter remained in a constant stable position with limited need for manipulation. This may be due, in part, to an anchoring effect of the heavily trabeculated right side of the septum. Both the optimal positioning and stability of the ICE catheter were possible with an internal jugular approach. Unfortunately, the current 10 French catheter size is impractical for routine clinical application.
The present device allows adequate imaging and measurement of left ventricular function in experimental preparations. With modifications to the current equipment, potential clinical applications include monitoring of LV function in patients in the intensive care unit or operating room and for improved assessment of myocardial contrast. With the integration of automatic border detection and this technique, continuous on-line monitoring of LV systolic function and pressure-area relations should be obtained. 2324 Intracardiac ultrasound imaging of the LV obtained by percutaneous introduction of the catheter into the RV provides adequate images of the LV cavity in this canine model. Detection of regional wall motion abnormalities are possible when they occur within the imaging plane. Measurements of the cross sectional area of the LV by this ICE approach correlate well with stroke volume, providing quantitative information which can be used during serial examinations to assess changes in LV systolic function. With the development of smaller catheters with lower frequency transducers to allow a greater penetration and with automated border detection this technique may be a valuable clinical method for continuous monitoring of LV function.
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